A study of 3178 individuals injured in Britain between 1943 and 1990 and surviving the ®rst year post-injury was conducted to evaluate the homogeneity of mortality risk ratios within groups based on varying degrees of neurological injury level and completeness of the injury. The study shows that it is less than optimal to combine individuals into neurological groupings of C1-C4 ABC, C5-C8 ABC and T1-S5 ABC since the risk ratios are not homogeneous within these groups. Similarly, combining individuals into neurological groupings of tetraplegia complete, tetraplegia incomplete, paraplegia complete and paraplegia incomplete may not be appropriate for the same reasons. The consequence of performing a survival analysis using either of the traditional sets of groups is to dilute the risk ratios for a subset of individuals within a particular group, thereby providing less discrimination between neurological groups. Cox proportional hazards regression was employed to determine a set of neurological groupings with homogeneous risk ratios within a group while providing better dierentiation between groups.
Introduction
Recent analysis in spinal cord injury (SCI) research describes categories of mortality risk obtained by grouping individuals based on neurological function. Individuals are combined into groups of varying degrees of neurologic completeness and level of injury and mortality risk is calculated for the group. But are the mortality risks of the individuals comprising the group homogeneous? That is, is the mortality risk constant within each group?
Two traditional grouping schemes are applied to evaluate the homogeneity of mortality risk. An American study examined the following four classes of neurological impairment: C1 ± C4 Frankel ABC; C5-C8 Frankel ABC; T1-S5 Frankel ABC; and C1-S5 Frankel D. 1 A Canadian study categorized neurological impairment as follows: complete tetraplegia; incomplete tetraplegia; complete paraplegia; and incomplete paraplegia. 2 The results of homogeneity analyses of these groupings are provided and suggest that an alternate grouping strategy be considered.
Subjects
The inclusion criteria for this study selected individuals who sustained traumatic spinal cord injuries in the years 1943 ± 1990 , and were seen for initial rehabilitation within 1 year of injury at the National Spinal Injuries Centre at Stoke Mandeville Hospital in Aylesbury, England, or the Regional Spinal Injuries Centre in Southport, England. Deaths occurring within the ®rst year following injury were excluded from this study. A medical record review of both centers identi®ed 3178 eligible individuals. Follow-up procedures yielded a 92.3% success rate in identifying survival status as of 31 December 1992. The remaining 7.7% were classi®ed as having withdrawn from the study at the time of their last known date alive. The sample for analysis was predominantly male (81.4%). Fifty-seven percent were age 30 or younger at injury; 22.2% were between the ages 31 ± 45; 14.1% were aged 46 ± 60 and the remaining 6.7% were age 61 or older.
Methods and Results
To determine the homogeneity of mortality risk within each neurological injury grouping, the sample was segmented into subgroups. The study sample was separated into twenty subgroups comprised of ®ve neurological groups (C1-C4, C5-C8, T1-T6, T7-L1 and L2-S5) by four Frankel classi®cations (A, B, C and D). Cox proportional hazards regression 3, 4 was employed to determine the relative risk for each subgroup, controlling for the eects of gender, age at injury, and decade of injury by treatment center. This analysis was performed to quantify the mortality risk of the twenty subgroups in the presence of these eects. Risk ratios (relative to the L2-S5 D subgroup) and number in each subgroup are given in Table 1 .
The risk ratio of 7.11 for the C1-C4 Frankel A group indicates that this group has a mortality risk 7.11 times greater than the L2-S5 Frankel D reference group. It is clear from the table that the higher and more complete the injury, the higher the mortality risk. Conversely, lower, incomplete injuries are associated with lower mortality risk. A risk ratio for the C1-C4 B group could not be calculated since there were no deaths in the ®ve individuals comprising this group.
The Wald test statistic was used to assess the dierences of risk ratios within a neurological group. That is, it tests whether the risk ratios of the subgroups comprising each group are too dierent (statistically signi®cant) to combine into a single group. Combining subgroups that are not similar in terms of their mortality risk will result in diluting the risk ratios associated with a particular group. Table 2 illustrates the results of this analysis, showing that the risk ratios associated with the subgroups C1-C4A, C1-C4 B and C1-C4 C are not similar enough to combine into the single group C1-C4 ABC (P=0.0022). The same is true for the subgroups comprising the C5-C8 ABC group (P=0.0030) and the T1-S5 ABC group (P=0.0142). The test for dierences in risk ratios for the subgroups comprising the C1-S5 D group is not statistically signi®cant (P=0.7812) indicating that the group is homogeneous in terms of mortality risk, and it is therefore appropriate to combine the C1-C4 D, C5-C8 D, T1-T6 D, T7-L1 D and L2-S5 D subgroups into a single group. In addition, tests for dierences in risk ratios for the groupings used in the Canadian study indicate that the risk ratios of the subgroups for the tetraplegia complete, tetraplegia incomplete and paraplegia complete groups are not similar and should not be combined. The subgroups comprising the paraplegia incomplete group are homogeneous and can be combined.
The relatively few individuals in the Frankel B and C classi®cations compared to the number of individuals in the Frankel A and D classes may aect the stability of the risk ratios and power of the Wald tests. Recognizing this, a Wald test was performed to determine if the Frankel B classi®cation is dierent from Frankel C. Hypothesis testing veri®ed that the Frankel B and C groupings were not statistically dierent (P=0.6718) nor was any pair-wise test between B and C for a given injury level (eg, C5-C8 B versus C5-C8 C). Therefore, the Frankel B and C classi®cations were combined and the Cox proportional hazards model was re®t. The results of this analysis are shown in Table 3 , which lists the risk ratios for each of the 15 subgroups controlling for gender, age at injury and decade by treatment center eects. Table 2 Tests of homogeneity of risk ratios of the subgroups comprising a group The results of the Wald tests to determine dierences among the mortality risk ratios within a group are consistent with the previous ®ndings; combining the Frankel B and C classes did not change the outcome of the tests for either of the two traditional schemes of neurologic groupings. This suggests that there is a better method for combining these subgroups to achieve greater dierentiation of the risk ratios between groups while maintaining homogeneity of risk ratios within groups. These risk ratio patterns among these 15 subgroups indicates that mortality risk generally increases with higher level injuries and more complete injuries. Inconsistencies in this pattern may be attributable to small numbers of individuals in a particular subgroup (eg a higher than expected risk ratio for the 22 individuals in the L2-S5 BC subgroup).
Taking advantage of the pattern of risk ratios, Cox proportional hazards regression was again employed. Each subgroup's risk ratio was compared to the next higher and lower injury level subgroup and higher and lower Frankel classi®cation subgroup. For example, the C5-C8 BC subgroup was compared to the following four subgroups: C1-C4 BC, T1-T6 BC, C5-C8 A and C5-C8 D. The pair of subgroups with the largest nonsigni®cant P-value and in general, most similar risk ratio, were combined. The model was re®t and the procedure repeated until subgroups could no longer be combined (all pair-wise subgroup comparisons were statistically signi®cant). The results of this analysis are presented in Figure 1 . Dierences in risk ratios for these groups were evaluated using the Wald test. Since two of the groups, C1-C4 A and C5-C8 A, consist of a single subgroup, tests for dierences in risk ratios for these groups were not performed. Wald tests of the ®ve subgroups comprising the T1-L1A/C1-T6BC group and the eight subgroups comprising the L2-S5A/T7-S5BC/ C1-S5D group veri®ed that the mortality risks remained homogeneous (P=0.8136 and P=0.7012, respectively).
To determine how well the neurological groups presented in Figure 1 dierentiate mortality risk, a comparison of this new grouping with the two traditional schemes is presented. Tables 4, 5 and 6 give the results of the Cox proportional hazards regressions for the traditional American and Canadian grouping schemes and for the newly proposed scheme.
Discussion
Mortality analysis for this British sample, based on the traditional classi®cation scheme employed in the American study, 1 found that gender, neurological injury level, age at injury, and decade of injury by injury treatment center were signi®cant predictors of mortality risk. It was necessary to perform the British mortality analyses using this classi®cation scheme in order to facilitate comparison with the American study. However, based on clinical judgment, concern was expressed that individuals with neurologically complete injuries (ie, Frankel A) truly are dierent from individuals with sensory and/or non-functional motor preservation (Frankel B and C) . This concern prompted the development of an alternative grouping scheme. The proposed neurological grouping provide better dierentiation of mortality risk for this population. As demonstrated in Figure 1 , the degree of completeness of the injury (Frankel classi®cation) has the greatest in¯uence on mortality risk at higher injury levels. At lower injury levels, the degree of completeness has little eect on mortality risk.
It should be noted that the construction of these groups was arbitrary and may not be optimal since there are many combinations of subgroups that could have been combined. Categorization of injury level into groups of C1-C4, C5-C8, T1-T6, T7-L1 and L2-S5 were selected for ease of comparison to the traditional methods. Further dierentiation of these groups may have yielded dierent results. For example, DeVivo 6 found statistically signi®cant differences in mortality risk for individuals with C1-C3, C4-C5, and C6-C8 injury levels given equivalent Frankel classi®cations.
This analysis demonstrates that the traditional methods for neurological grouping may have undesirable properties for assessing mortality risk, since the individuals comprising the groupings are not homogeneous. Each of the three methods indicate that the eects of gender, age at injury and decade of injury by treatment center remain fairly consistent suggesting that comparisons of the sets of neurologic groups are not confounded by these eects and are valid.
The proposed neurological grouping clearly discriminates between groups better than the other two methods. In both traditional methods of neurological grouping, the risk ratios associated with the C1-C4 A group are diluted when combined with other groups. Furthermore, the mortality risks of the C1-C4 ABC and C5-C8 ABC groupings are counter to what might be expected. The C1-C4 ABC group actually has a small (nonsigni®cant) mortality advantage over the C5-C8 ABC group (2.13 and 2.24 for the C1-C4 ABC and C5-C8 ABC groups respectively). However, when separating C1-4 A from C1-4BC, the pattern of mortality risk is more clinically consistent, with the C1-4A group having a higher risk than the C5-8A group. In terms of mortality risk, it is clear that neurological groups should be constructed such that individuals with the highest, most complete injuries are combined; individuals with high, complete injuries are combined; individuals with intermediate levels of injury level and completeness are combined; and individuals with minimal de®cit and lower, more complete injuries are combined. The proposed neurologic groupings more closely meet this criteria and should be investigated for use in mortality risk analysis.
This grouping scheme may not be appropriate if mortality is being assessed from the day of injury rather than for ®rst year survivors. In addition, since this grouping strategy has not been validated on an independent sample, caution should be used when applying this scheme to other populations. However, Graves and Priebe 7 have reported a greater degree of homogeneity within patient groups using this proposed strategy than with the classi®cation used in the previously mentioned American study when assessing FIM scores.
A further caveat is that this study does not take into account associated medical comorbidities often associated with spinal cord injury, such as neurogenic bladder, pressures sores, or autonomic dysfunction.
These complications, among others, are likely to impact mortality. However, these factors would be dicult to incorporate into a study such as this, considering the variable lengths of time and severity each person experiences a particular comorbidity, dierent individual responses to these comorbidities, and the number of occurrences of a particular comorbidity. 
